Abstract. An optimal model for determining minimum-cost inspection schedules for hidden-function systems is presented. The probabilities of the hidden-function system failure as well as the failure of the object the system intends to protect are taken into account to develop this model. Through balancing the cost of multiple failure against the cost of planned inspection, an optimal policy is established which minimizes the expected total cost. As an example, the calculation results for a hidden-function system with Weibull failure distribution are given.
Introduction
The inspection for hidden failure is one of preventive maintenance, which tests the hidden function of a system regularly to prevent the occurrence of a multiple failure. Many protection systems and alarm systems, such as power-system protection relays, electronic security systems, and environmental monitoring equipments, are hidden-function systems. The failures of a hidden-function system are not self-announcing, i.e., they are not evident to the normal operators. The hidden failures are detected only through inspection. Hidden failures itself has no direct adverse effect. However, if the hidden failure is not detected and corrected, once the objects the system intends to protect happen to fail sequentially, it will lead to a multiple failure. The consequence of a multiple failure is often serious. Inspections of the hidden-function system could find and correct the system failure in time so as to decrease the possibility of multiple failure. On the other hand, the cost of preventive maintenance increases with the frequency of inspection. So in developing a preventive maintenance schedule of a hidden-function system, an optimal inspection period should be found to make the best use of the system. Nakagawa [1] and Ntuen [2] proposed some optimal inspection strategies for hidden failures by using cost model. Wortman et al [3] obtained the inspection time for hidden function system under given system availability. All of these models did not include the failure probability of the object the system intends to protect. In this paper, the probability of the multiple failure is taken into account and an optimal inspection period is determined through balancing the cost of the multiple failure against the cost of inspection.
Optimal Model
Suppose that ) (t f is the probability density function of the hidden-function system failure time T . The inspections for hidden failure are carried out only at equally separated moments ,... ,..., 2 ,
, and the cost of one inspection is constant M C . As shown in Fig. 1 , the hidden-function system fails at moment t ,
. During the time from the system failure moment t to the next inspection moment  k , if the object the system intends to protect happens to fail, a multiple failure will occur. The cost of once multiple failure is constant F C 。 Generally, Under the circumstance that the hidden-function system has failed, the random object failure time S can be assumed as exponential distribution with failure rate  . If an inspection finds that the hidden-function system is operational, no more maintenance action is taken until the next inspection. Otherwise, When an inspection find that the system has failed, the system is restored or replace to good as new. Then a new cycle begins. The total cost of one cycle is as
where I{A} is an indicator function of event A. So the average total cost of one cycle is give by
In Eq. 3, ) R(t is the reliability function of the hidden-function system, i.e.
. Substituting Eq. 3 and 4 into Eq. 2
Setting the partial derivative of EC with respect to  zero yields
The optimal inspection period *  can be obtained by solving above equation. Generally, Eq. 6 need to be solved numerically.
Numerical Example and Conclusions
Weibull distribution is the most commonly used statistical lifetime model in reliability study. The great experimental and practical data demonstrate that many components and simple systems have Weibull failure distributions. Therefore the failure time T of a hidden-function system is assumed to be two parameter Weibull distribution and its probability density function is
where  is the scale parameter;  the shape parameter.
and 500   , the average total cost ） （ EC1
for the different inspection period  are computed according to Eq. 5. The results are shown in Fig. 2 . Another curve ） （ EC2
in Fig. 2 is for 600  
. It is obvious that both curves in Substituting Eq. 7 into Eq. 6, the optimal inspection period *  can be obtained by solving Eq. 6. Table 1 shows the computed optimal inspection period for various parameters  ,  ,  and cost
. We can find in Table 1 that the optimal inspection periods for two curves in Fig. 2 From Table 1 , we can see that the higher the cost of multiple failure is, the smaller the optimal inspection period is. This means frequent inspection requires in order to avoid the high cost of multiple failure. Moreover, the larger the scale parameter of the system failure time or the failure rate of object is, the smaller the optimal inspection period is. This is because that the probability of multiple failure increases with the scale parameter of the system failure time or the failure rate of object. To reduce the possibility of the multiple failure, it requires more inspection.
